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Abstract. Organic triplet-generating materials have prolonged excited-state lifetimes that could
enhance photocatalysis, light-emitting diodes, and versatile optoelectronics. Dimethylxylindein, a
methylated derivative of a naturally sourced electronic material, xylindein, generates detectable
triplet states upon photoexcitation in solution. Femtosecond transient absorption measurements of
dimethylxylindein demonstrate that bluer excitation wavelengths enhance the intersystem crossing
(ISC) in dichloromethane (DCM) which reduces the photostability compared to robust xylindein.
No appreciable triplet states are generated in the more polar ethanol or thin films. The methoxy
groups open two ISC pathways: one ultrafast (~140 fs) and one slower (~20 ps), the latter process
enhanced by nonplanar structural motions that promote spin-orbit coupling over the chromophore
ring-conjugated framework. Tunable femtosecond stimulated Raman spectroscopy (FSRS) and
systematic quantum calculations characterize a light-induced charge-transfer state that becomes
more stabilized in polar solvents like ethanol to quench ISC. In thin films, though the stabilized
charge-transfer state on ultrafast timescales may promote photosensitivity, the triplet yield could
be boosted via rational design strategies including thionation and implementation of heterocyclic

nitrogen to broaden the sustainable optoelectronic applications of xylindein derivatives.
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1. INTRODUCTION

Organic chromophores for optoelectronic materials are highly sought after due to their versatility
and appealing properties for applications from quantum and optical computing, nanophotonic
devices, high-speed telecommunications, to photovoltaics.' Many organic pigments have large
polarizabilities, low dielectric constants, and inherent flexibility with ultrafast response time (e.g.,
femtosecond, 107" s) leading to higher device bandwidths.®’ Triplet states in organic electronic
materials also play a significant role, contributing to both device performance and stability.® For
example, chromophores with accessible triplet states may increase the probability for charge

separation and capture due to long excited-state lifetimes and carrier diffusion lengths.”'® I

n
particular, triplet excitons can have diffusion lengths ranging from ~30-300 nm, much longer than
singlet excitons with typical diffusion lengths of ~5-20 nm.>'""'> Some light-harvesting materials
exploit these properties, though they often rely on heavy-metal complexes with more intense spin-
orbit coupling (SOC) to enhance intersystem crossing (ISC). Achieving these properties with
organic chromophores is desirable due to their availability and simple processing requirements
that could be upscaled for mass production.'® In addition to the reduced cost compared to inorganic
counterparts, environmental concerns from the processing and waste of metals (e.g., toxicity) is
alleviated when working with organic chromophores. Many of these pigments contain nitrogen
heterocyclic aromatics and carbonyl groups because the orbital mixing provided by the non-
bonding (n) orbitals improves SOC. According to the El-Sayed rule,'* ISC is allowed when the
transition involves a change in electronic configuration and orbital type (e.g., nw*<>mm*).!>!°
Generally speaking, the topic of what factors control triplet formation in organic chromophores

that do not contain heavy atoms, and therefore do not engage in the common SOC interactions that

make metal complexes appealing as sensitizers, is presently a compelling research topic of interest.
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Scheme 1. Sample molecules derived from the wood-decaying fungi Chlorociboria aeruginosa.
Following harvest, the cultures were lab-grown before xylindein was extracted and purified. The
methylating agent trimethylsilyldiazomethane (TMSCHN,) was reacted with xylindein to yield
dimethylxylindein for ensuing spectroscopic investigations. The asterisks by the lightning symbol
(depicting photoexcitation) highlight distinct processes of xylindein (excited-state intramolecular

proton transfer) vs. dimethylxylindein (triplet formation) besides common structural motions.

A multidisciplinary approach enabled development of an efficient protocol from the growth,

. . . . . 1721
extraction, and purification to produce xylindein."’

With a broad absorption profile, xylindein
shows promise as an organic m-conjugated material with competitive electron mobilities and
conductivity. Excimer formation in xylindein thin films quenches the excited state, benefiting
(photo)stability but limiting charge transfer (CT); the stability in solution is maintained by an
ultrafast excited-state intramolecular proton transfer (ESIPT) and nonradiative relaxation.”” The
dye industry has long used ESIPT motifs imbued in dye formulations to extend the longevity of
the coloration. As a control for ESIPT, the hydroxy groups were replaced with methoxy groups
that reduce the stability of dimethylxylindein. Femtosecond transient absorption (fs-TA) of
dimethylxylindein revealed a long-lived triplet excited state in DCM, explaining the instability due

to reactive oxygen species.”> To delineate the triplet state formation and decay dynamics, we

performed fs-TA on dimethylxylindein in solution and thin films, aided by the ground/excited-



state femtosecond stimulated Raman spectroscopy (FSRS) to provide crucial structural
information. This comprehensive study thus elucidates the excited-state potential energy surface
of dimethylxylindein, formulating some relevant rational design principles to enhance SOC, ISC,

and triplet formation for organic optoelectronic materials.

2. RESULTS AND DISCUSSION

2.1. Transient Electronic Signatures of Fungi-Derived Pigments in Solution. The excited-
state electronic dynamics of dimethylxylindein and xylindein in solution up to ~4 ns show notable
differences (Figure 1). The steady-state absorption peak of dimethylxylindein is blue-shifted from
xylindein by ~100 nm, both displaying vibronic progression.***> Dimethylxylindein has one broad
fluorescence peak from the relaxed singlet excited state (S;) resulting in a small Stokes shift,
whereas xylindein emits at 709 and 846 nm assigned to protonated state (PA*) and ESIPT
photoproduct, respectively (see Figure S1).** Moreover, the fluorescence quantum yields of
dimethylxylindein (0.7%) and xylindein (<0.1%) are low in DCM.* Three prominent features in
TA plots include blue excited-state absorption (ESA), ground-state bleaching (GSB), and red ESA
bands. In xylindein (Figure 1b), all three bands decay similarly and disappear within ~100
picoseconds (ps). In contrast, some dimethylxylindein population remains excited as evidenced by
an incomplete decay (recovery) of blue ESA (GSB), reminiscent of the TA spectra of thionated
perylene diimides with a similar m-conjugated organic framework (an aromatic core) as a spectral
signature for ultrafast triplet state formation,** although dimethylxylindein does not currently have
any Group 16 elemental substitution. A close inspection reveals that the dimethylxylindein GSB
is red-shifted by ~10 nm from the ground-state absorption (GSA, see Figure S2a for details) with

altered vibronic peak spacing, whereas the xylindein GSB matches its GSA position.** Since this



peculiar red-shifted GSB is observed at long delay times (i.e., when red ESA mostly diminishes,
see Figure la), it implies an intrinsic heterogeneity beneath the broad absorption profile of
dimethylxylindein and a sub-population that is more prone to undergo ISC, likely with more
nonplanar chromophore conformations to start with in the electronic ground state (see SI text

following Figure S2 caption for an expanded discussion).
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Figure 1. Semilogarithmic contour plots of fs-TA spectra after 400 nm excitation of (a)
dimethylxylindein and (b) xylindein in DCM. The color-coded intensity levels are shown in milli-
optical density (mOD) units to the right of each panel. Prominent transient electronic bands are

labeled, and steady-state absorption spectra are displayed above each panel. The vertical dashed
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lines highlight a red-shifted GSB peak from the ground-state absorption peak in (a) but not in (b)

after the common 400 nm excitation.

Notably, the probe-dependent TA intensity dynamics of dimethylxylindein and xylindein show
distinct patterns that are corroborated by global analysis (Figure 2).° The mirror-like dynamics of
ESA bands (Figure 2d) and GSB (Figure 2f) infer a ~30 ps nonradiative decay of the singlet excited
state (1) population to ground state (Sp) matching one dominant kinetic component (33 ps, Figure
2b), which was attributed to nonplanar motions of the molecular framework leading to a potential
conical intersection.*” In contrast, a parallel kinetic model was used for dimethylxylindein because
of spectral overlap from multiple states, and three components were retrieved: ~1.6 ps, 18 ps, and
122 ns (Figure 2a) representing the initially excited CT state relaxation, conformational motions,
and a triplet state lifetime, respectively (see Figure S2b for a sequential model). We note that the
least-squares fitting to spectral data can retrieve characteristic time constants that go beyond the
value corresponding to the delay stage length due to the nature of exponential decay functions
(e.g., Figure 2c that yields different time constants on the ns timescale for blue and red ESA bands
of the photoexcited chromophore). Red ESA band of dimethylxylindein primarily decays on the
intermediate timescale (15 ps, Figure 2c¢), and given its molecular similarity to xylindein, the ~18
and 33 ps processes in these two chromophores may involve similar ultrafast distortions from the
conjugated-ring planarity. The shortened time constant of dimethylxylindein relative to xylindein
likely stems from the reduced intramolecular H-bonding from methyl substitution (Scheme 1),

which makes the nonplanar motions more facile.”
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Figure 2. Global analysis and probe-dependent intensity dynamics of fs-TA spectra following 400
nm excitation. In the (a) decay-associated spectra (DAS) of dimethylxylindein (also see Figure
S2b) and (b) evolution-associated spectra (EAS) of xylindein in DCM, the lifetimes are color-
coded while shaded vertical bars highlight the signal integration regions for panels below. The
ESA/GSB intensity dynamics of dimethylxylindein and xylindein are shown in (c)/(e) and (d)/(f),
respectively. The least-squares fits (solid curves) are overlaid with data points, and color-coded

time constants are listed with the dominant component bolded for each TA marker band.



However, the conformational motions of dimethylxylindein likely lead to a bifurcation of its
excited-state population between a nonradiative S;—S transition (xylindein-like) and ISC to a
triplet state (7). This bifurcation could explain the unusual and substantial GSB rise (66% weight,
Figure 2e) with a 20 ps time constant, which is an “apparent rise”” due to the spectrally overlapped
concurrent ESA decay.”” If the 20 ps process only involved a nonradiative downward transition,
an effective cancellation of GSB/ESA decay would be observed with no apparent rise. Conversely,
if this component solely represented ISC, a concurrent rise of a blue ESA band with more triplet-
state character would be observed. Spectral overlap between S;—S, and 71— T, transitions renders
mixed singlet/triplet states within blue ESA, which may mask its initial rise (blue trace, Figure 2c¢).
Similarly, red ESA contains some singlet/triplet characters since the 8 ns long time constant (red
trace, Figure 2c) was not observed in xylindein (red trace, Figure 2d). Such a direct comparison
between xylindein and dimethylxylindein infers the effect of a single chemical substitution (~-OH
to —OCH3). The small negative tails in blue and red ESA of xylindein are likely due to GSB and

weak stimulated emission, respectively, which may obscure a longer fluorescent component.

2.2. Excitation Wavelength, Solvent Dependence, and Thin-Film Effect of Triplet Yield.
To gain further insights into the excited-state dynamics of dimethylxylindein, we performed fs-
TA experiments with 560 nm excitation to be more resonant with So—S; (Figure S3), instead of
400 nm excitation that populates S, (see above). Besides an overall similar spectral pattern, an
interesting difference lies in that blue ESA intensity is ~30% smaller than red ESA upon 560 nm
excitation (Figure S4a), whereas both features have a largely equal intensity upon 400 nm
excitation (Figure 2c). This unexpected result supports the importance of performing the

excitation-dependent TA measurements and comparing the retrieved electronic dynamics that



report on photophysics and/or photochemistry pathways, which suggests that ultrafast ISC occurs
more for dimethylxylindein in DCM with a bluer excitation, consistent with some literature that

2829 The reduction of

excitations to higher-lying electronic states could lead to higher triplet yields.
the long-time components of blue, red ESA bands (25, 2.5 ns in Figure S4a) versus those of 400
nm excitation (40, 8.0 ns in Figure 2¢) provides further evidence for diminishment of 7y formation
after 560 nm excitation, although with a limited time window (see SI methods) this component
likely represents an average S,/7 lifetime with some uncertainty.

Though less soluble, dimethylxylindein was found to be stable in ethanol with little absorption
loss over time, contrasting the significant absorption loss (photodegradation under white light in
air) in DCM.* Since solute-solvent interactions can significantly impact energy dissipation, the
fs-TA spectra of dimethylxylindein in ethanol after 400 nm excitation were collected (Figure S5).
Surprisingly, the aforementioned long lifetime is replaced with a much shorter time constant (ca.
0.2-1.0 ns), typical of fluorescence pathway from S;. The GSB profile matches GSA (Figure S2a)
and nearly recovers within the time window, indicating that ISC is much reduced in ethanol. Such
solvent dependence on triplet state formation is likely owing to polar solvents that raise the energy

30,31

of Th+1 above S, to greatly reduce ISC probability. Moreover, the ~2.0 ps decay of the blue,

red ESA shows a significantly increased magnitude in ethanol (48%, 39% in Figure S5¢) compared
to DCM (15%, 14% in Figure 2¢) as the more polar ethanol can better stabilize a CT state.’' >
For applications of dimethylxylindein in optoelectronics, the thin film excited-state dynamics
were examined (Figure S6). For thin-film xylindein, the ESA initial decay time constants (620 fs,
6.8 ps) are shorter than the dominant decay in solution (30 ps), indicating enhanced nonradiative

22,34-36

decay upon excimer formation. In contrast, thin-film dimethylxylindein dynamics (1.8 ps,

20 ps, 1.2 ns in Figure S6b) are similar to solution cases, especially in ethanol (1.3 ps, 25 ps, 2.1

10



ns in Figure S5b). The lack of excimer formation corroborates steady-state electronic properties as
follows. First, with the solution concentration increase, dimethylxylindein does not aggregate like
xylindein (see Figure S1 and the ensuing discussions).”*> Second, amorphous and crystalline
dimethylxylindein thin films show about four orders of magnitude less conductivity (effective
electron mobility) in the dark/ground state than amorphous xylindein thin films as we previously
reported.”® Third, dimethylxylindein shows about two orders of magnitude higher photosensitivity
(charge photogeneration efficiency) than xylindein.”® The decreased conductivity (with a reduced
intra- and inter-molecular H-bonding network) and higher photosensitivity (no excimer formation)
of thin-film dimethylxylindein than xylindein compliment the fs-TA data in this work (Figure
S6).>** Notably, the absence of a long lifetime in thin films infers quenching of ISC pathways.
The time constants of dimethylxylindein in solution and thin films, although similar, exhibit
distinct amplitude weights. The 1.5-2.0 ps decay of blue, red ESA has a higher weight in thin films
(61%, 54%) than ethanol (48%, 39%) and DCM (15%, 14%), while the intermediate ~20 ps
component is overall reduced (29%, 31%) relative to ethanol (29%, 42%) and DCM (27%, 69%).
Therefore, transient CT state stabilization is likely enhanced when molecular conformational
motions are more constrained (e.g., n-7 stacking) in dimethylxylindein thin films, and the increased
intra- and/or intermolecular CT character could be another factor responsible for the higher

photosensitivity compared to xylindein.****?*?’

11
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Figure 3. Transient vibrational features reveal non-equilibrium structural dynamics of the
photoexcited chromophore. (a) Semilogarithmic contour plot of anti-Stokes excited-state (ES)
FSRS of dimethylxylindein in DCM after 560 nm excitation (with 710 nm Raman pump). The
ground-state (GS) FSRS is shown below. Color bar shows the stimulated Raman intensity in the
excited state. The double-sided arrow denotes a Raman intensity of 0.2% in the ground state, the
horizontal gray dotted line represents zero intensity. Vertical dashed lines track two prominent
peaks with the integrated peak intensity dynamics at 1655 cm ' (blue) and 1551 cm ™' (red) plotted
in (b). Data points (circles) are overlaid with the least-squares fit (solid curve) on a logarithmic
timescale. The retrieved time constants and amplitude weight percentages are listed.
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2.3. Transient Vibrational Signatures of Dimethylxylindein in Solution. To provide
structural characterization of the CT state, we implemented the anti-Stokes ground- and excited-
state FSRS™?** on dimethylxylindein in DCM (Figures 3 and S7) which yielded pronounced
vibrational signatures for the photosensitive molecular system in condensed phase.”"* The
ground-state FSRS show prominent bands from 1550—1650 cm ™' mainly involving C=O and C=C
stretching motions (see Table S1) as confirmed by calculations (Figure S9), and complemented by
FSRS spectra comparing the GS/ES dimethylxylindein peaks (Figure S8a), GS dimethylxylindein
in DCM/EtOH (Figure S8b), and GS dimethylxylindein/xylindein (Figure S8c). Besides a similar
pattern, the ES peaks are blue-shifted from their GS counterparts (Figure S8a, Table S1), lending
strong support to a CT state. Quantum calculations show that the lowest unoccupied molecular
orbital (LUMO) accumulates electron density on the carbonyl groups and conjugated core
compared to the highest occupied molecular orbital (HOMO). A majority of the blue-shifted peaks
involve C=0 and C=C stretch, supporting swift CT state formation upon photoexcitation.>***

Two Raman bands above 1600 cm™' decay faster than bands below 1600 cm™'. With active
roles during ES energy dissipation, strong peak intensities of ES marker bands (1655, 1551 cm ™,
Figure 3b) arise from large electric polarizability,” and their dynamics mostly match the red ESA
decay (Figure 2c) on the 220 ps timescale. An initial ultrafast decay time constant (150 fs) is due
to Franck-Condon relaxation:* the 1655 cm™' peak decays more significantly than the 1551 cm™
peak (73% versus 48% weight), while the former peak mainly involves C=O stretch and the latter
peak mainly involves C=C stretch (Figure S10). Therefore, the peripheral carbonyl motions are
likely more active during Franck-Condon relaxation and initial charge migration, while the C=C
stretching motions participate primarily within the CT state as the core acquires more electron

density, aided by analysis of other Raman peak dynamics (Figure S7). The chromophore core C=C

13



motions decay more on the ps timescale, which indicates that collective nonplanar core motions

lead to a larger change of ES energetics than those induced by motions of the peripheral moieties.*

2.4. Excited-State Potential Energy Scheme for Dimethylxylindein in Solution. Based on
the aforementioned results, a unifying energy level diagram is proposed (Figure 4). Upon 400 nm
excitation, the populated S, undergoes two relaxation pathways: ISC to 7, state or internal
conversion to S;’, where the population may undergo further bifurcation akin to the 560 nm
excitation case. Additional ISC pathways upon S, excitation could explain why bluer excitation
leads to more triplet formation via an ultrafast S,— 7, transition (see SI text). The ISC from
unrelaxed singlet states could occur within the cross-correlation time (~140 fs) of our laser

22,44

setup owing to the lack of peak wavelength shift and no additional rise of blue ESA

characterizing the triplet state (Figure 1a). Ultrafast ISC has been observed in similar systems with

appreciable nm* character, orbital mixing, and nonplanar structures or motions.***
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arrows represent 400 and 560 nm excitation, respectively. Intersystem crossing (ISC) from the

14



singlet (Sx) and triplet (7%) states occurs over a range of timescales. S;” and S’ represent relaxed
S| states. The excited-state time constants listed are supported by time-resolved spectral data.
Energy values in eV unit beside electronic states were calculated from unrelaxed excited states
relative to the ground state (Sp), while energy values in parentheses were calculated from relaxed
excited states relative to Sy. Vertical blue and red arrows represent blue and red excited-state
absorption (ESA) bands, respectively. The probe wavelength gradient depicts the probe relative to

ground-state absorption: a redder (bluer) probe observes the increasing S; (7)) character.

Aside from ISC, the initially populated CT state (S;’) relaxes with an ~2 ps time constant,”
which becomes shortened (500 fs, Figure S4a) when S; is directly populated by 560 nm excitation
of dimethylxylindein in DCM. The relaxed ES population (S,’’) likely undergoes nonplanar
structural motions (~20—-120 ps, see Figures 2e and S4b) enabling a nonradiative return to GS,
especially for dimethylxylindein in ethanol and thin films. Xylindein undergoes a similar process
(~30 ps) following ESIPT,* so both pigments exploit this 20—30 ps process to effectively dissipate
the photoexcitation energy and quench fluorescence.” However, the correlated ESA and GSB
intensity dynamics of dimethylxylindein reveal that these conformational motions also promote
ISC to triplet states, confirmed by the apparent rise of GSB with a conserved 20 ps time constant
(Figure 2e). According to quantum calculations (see SI method), the energetic overlap between the
relaxed S; (‘mm*) and T» (more *nm*) states improves (with AE = 0.05 eV in Figure 4) while the
coordinate-dependent calculations show that these states become nearly isoenergetic as the
chromophore structure becomes increasingly nonplanar and nm* character accumulates (Figure
S11).'%%? The increased orthogonality between the nonbonding electrons of C=O groups with the

49,50
c

conjugated ring core could also improve SO It is notable that although similar concepts

15



including slow/fast ISC pathways and nonplanar structural motions promoting ISC can be found
in literature and various systems, rarely found is a comprehensive and concise display of these
functional processes playing active roles in one molecular system (dimethylxylindein, see Figure

22,23
“” Future

4), while being a naturally derived fungal pigment for sustainable optoelectronics.
investigations with a longer time window are necessary to accurately probe triplet lifetime (ca. 40—
120 ns, Figure 2a,c,e) and attempt triplet quenching control experiments.”' Additional solvent and

52,53
>° Moreover, our

temperature dependence studies on ISC may also provide illuminating insights.
fs-TA data on dimethylxylindein in DCM (Figure 1a) with interwoven control samples (e.g., in a
different solvent EtOH, see Figure S5a; and thin films, see Figure S6a) in this work suggest that
effective stabilization of a CT state could quench the ISC process, although ultrafast formation of
a CT state may enhance ISC before the energy stabilization. That would be an interesting avenue

of future research on related fungi-derived pigments in more solvents (if solubility allows) and

various thin-film formats (e.g., with or without a polymer host matrix, different substrates).”

3. CONCLUSIONS

In summary, methylation of an organic optoelectronic material, xylindein, leads to ultrafast
(<140 fs and ~20 ps) triplet state formation in DCM. The ISC of dimethylxylindein is enhanced
relative to xylindein for multiple reasons; most importantly, xylindein in solution undergoes
efficient ESIPT while thin films form excimers (through peripheral hydroxy groups), both of
which quench the ISC pathway prevalent in dimethylxylindein. In particular, the methoxy groups
of dimethylxylindein improve SOC and enhance ISC to the energetically close triplet state(s). With
this being said, the avoidance of ESIPT is not the only and/or main reason we observe triplet state

formation in dimethylxylindein, as the deprotonated xylindein with no dissociable proton still

16



decays with ~30 ps time constant and does not show detectable triplet state formation.”* There are
many systems which do not undergo ESIPT and still do not show appreciable ISC. For example,
a methoxylated version of a popular photoacid pyranine called MPTS does not have a dissociable
proton, which features a methoxy group and three sulfonate groups, yet it does not show any
evidence for triplet state formation in solution.”* These new results reinforce the need for
foundational and fundamental research to perform experimental investigations and provide deep
insights into the photophysics/photochemistry of complex functional organic molecules. Aside
from the commonly known El-Sayed rule, further studies on the structural and electronic
descriptors that affect the triplet formation dynamics are required. An interesting avenue to pursue
is the fine balance between rigidity and flexibility of the certain-sized molecular structure in
relation to the triplet formation. We reckon that a too flexible structure will lead to quenching of
the ISC, while a too rigid structure will limit the distortions necessary to improve the SOC that
promotes ISC. Moreover, the reduced H-bonding interactions to two symmetric methoxy groups
likely promote conformational motions and nonplanarity, which supports better 6/m-orbital mixing
for triplet formation. In the more polar ethanol, ISC is not energetically favored because the 7,
(Th+1) states may be raised above the S; (S,) states. Our fs-TA measurements of dimethylxylindein
in ethanol and thin films confirm that stabilization of the CT state, which could lead to higher
photosensitivity and charge photogeneration efficiency, and the constraint of out-of-plane
distortions effectively quench ISC. Therefore, a balancing act needs to be optimized between CT
state and triplet yield.

Looking forward, several rational design motives can thus be proposed to improve triplet yield
in dimethylxylindein thin films by incorporating heterocyclic nitrogen or thionation to provide

nonbonding lone pairs and enhance SOC.'****" The heavy-atom effect through halogen

17



substitution has also been used to enhance triplet formation,”>°

though these electron-withdrawing
substituents may facilitate CT formation and have other effects.”” We note it is interesting that
dimethylxylindein in DCM shows pronounced triplet state formation without heterocyclic nitrogen
or thionation, and envision these substitutions at strategic atomic sites of the organic molecular
framework could further boost the triplet yield in DCM and result in appreciable triplet states in
thin films. The exploration of different photophysical scenarios with correlated electronic and
structural dynamics insights® afforded by a strategic choice of solvents and thin films has enabled
us to draw a comprehensive picture of the excited-state processes and establish important rules of
molecular design for enhanced ISC. With such a mechanism-driven discovery feedback loop, the

photosensitivity and optoelectronic performance can be efficiently improved to substantiate

xylindein derivatives as low-cost, sustainable, and versatile optoelectronic materials.
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dimethylxylindein in DCM, additional references, and the full authorship of Gaussian 09

software (PDF)
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